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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the temperature of the 
outer periphery part of a silicon single crystal rod under pulling 
from a silicon molten liquid from being rapidly decreased to 
suppress the generation of thermal stress in the silicon single 
crystal rod. 

SOLUTION: A silicon molten liquid 12 is stored in a quartz crucible 
13 installed in a chamber, and a heat-shielding member 36 having a 
cylindrical part 37 surrounding the outer periphery of a silicon 
single crystal rod 25 pulled from the silicon molten liquid 12, and 
positioned so that the lower end thereof may be at the upper side 
of the silicon molten liquid 12 so as to form a distance therefrom is 
installed. An expanding part 41 is formed at the lower part of the 
cylindrical part 37, and is constituted of a ring-like bottom wall 42 
connected to the lower part of the cylindrical part 37 and reaching 
the neighborhood of the outer periphery of the silicon single crystal 
rod 25, a cylindrical vertical wall 44 connected to the inner edge of 
the bottom wall 42 so as to form a prescribed distance from the 
outer periphery of the silicon single crystal rod 25, and an upper 
wall 46 having a diameter regulated so as to become larger 
according to coming upward and the upper end keeping contact with the inner periphery of the cylindrical 
part A heat-reserving member 47 is packed in the interior of the expanded part 
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fl-LT38Ml 6©±*gteH3£*n, C ©5:141 6©TSP 

«^.o(?ig«j#mi 7te««*n*o ^o{^ig»;^©i 
fflt-^t, 3*#^?-^s^ffl^~ ^ 

©73|aHc[5lteU#3 fctfet, ±Tftfalc&mvjmt%: 
ott^o 1 3©niSffi«S5?5C>(r 1 3rf^ 

5)flff^©F^Hi5rfetJTl:— ^ l 8tc«fc 0Si?n, c© 
H— * 1 8tti£Sf§il QfCctySH^n^o t-^ 1 8 
«53SSO(f 1 3 tcSA?n/tiSM*©~> y 3 >^ B ^ 
i**inJR • fflRLXi/V=i>mm 1 2 (ct5 0 
[0 0 18] Sftf+VAl 1 ©±ffitct±P3gf«©->-- 
l«Vffj«n«. d©-5r-: '/>?2 l(ct±?l± 

2 1 ©±«fij«|Jfc* 3 l t ttffi-pffi0RrftEfc:K^6nfe§l±*f 
^7F d©^-y K^:(hI$5^§^2IhI 

feffl^-^ (8*ftf) Kj^653?*0«' 1 3 

©le]*Etp^fi:(pj-DTST^n/cy-Y-Vy-^2 3 
±IE^\-y KF*3tiW?.n7-i'^- y;l/2 3^r#^t)X 

y 3 >mSSM 2 5« |±tf § /c46©ffl|g B B B 2 4 *^f?f 

y^n^o Sfc^+^/^i i taico^-r i i©-^ 

2 9 -(ffi*^-v 1 1 ©THfcfttt^ftffiiitf* 



% m i Rum 2 Wimmmfr 31,32 tf^n^nmv e. 

[0 0 19] -77, §l±tfffl^-^Ota^$lS 

®i 2(Da»^wr^M«-fe>"^ (H^-e-r) £ 

-f) fcAll^nSo a-*'jxy=i-#\ M-trytf 10 
RtfUx-^xvn-^co^tatH^jttay (0 

—ylClt*^) (MTT^-f) tfmfhtl, C<D**:VIC 

w^tcwrss^^o^i 3rtco->unv®ijsi 2<om 

tiM-b^ltO^atB^J^S-^^TH^^o^ 1 3 ft© 
[00 20] VilMglHf 2 5 CD^B^H^SO 

1 3 <Dftmm t <vmic t±-> y a vhmssm* 2 5 ©fljgi 

:7^>^g|53 8^Mfgfl 9±tC»«-r?.ilfcfC < fc«3, 

tsgp 3 7 ©-fls*^ u ^ ^stffi 1 2 sffi^ t>mi&<DWM 
itv ±Jsictim?% <fc 3 tcsgfiRffitt 3 6iifty/n 

1 Ftyc@5£Sn£o ^ifi^g|5M3 6ttMo (t'J7f 
^) , W (jy^fV) , C * 

T^cft? icUixmmtf'bz < j&aanfcWttf*»c« 

1. 6 5 d<Di<Dz<0H«i&#'rsJ:3K: 

[0 0 2 1 ] m 1 {c^-ri§fgfl3 7 i±ig-ittg«>wtt{*T» 
WW3 7©T«tett«rto7?iRi»!:i»ffl-r«»aaiJ 
4 nw»«n«. c commas 4 n±, ®gP3 7©Tii 
fc«tt£n#¥teStf ts^J 3 ymmikW 2 5 ©ttHffi 
ififlftcjgfa U y^«OM 4 2t, jgEB 4 2 ©rtiU;: 
*H«n/i:«S 4 4 t, C©*fi£ll 4 4 ©±iUC)l^:;*n 
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a 4 2 fcff£H-rsaj#tett±3?fciRi3teftoTtt&tf 
<h « < « nfe rtffli««a 4 3 s n> ftfgP 3 7 
£JBS4 2 fc#3?g*-SW#fcttT#K:i6a3fi:f£t>Tli 

saws < Bf&iEnrcmmmm. 4 5 sns. ft 

{»J<«§4g4 3RWtJffif4g4 5 tt-Wfn&g 4 2© 
TiBfc^bT0fi*iHA/'c8 omXVvnme, a, & 

ns„ 

[0022] coS«o»STtt, ®a?3 7, ^ffiij«?4 

145, mm 4 2R-c?ftmmfm4 3 

n^o afe. ?i±^*e-ns#^ H B B <f 2 5 coitg^d i:-r 

*^4 4©T#tit4 2©Tffit©gIiE8IL 

^n^*n 0 ^s^Td/ 2 wt^ix ^->ynyi 

5©ttjgffifc«SM 4 fcOHHIWiftM 0 mm 
W± 3 0m m J^TtC * 3 <fe 3 (C rtfilJMf« 4 3 Stf^WJ 
IS«4 5liM?tl5. COt&, TOSP4 1 ©«W 
zli5 0mmK±t^5Ci:»SL<, 114 4^ 
fflfcli;g4 2©rt«^©7k¥SgStW 3 . lSP3 7©ni 
ifii4 2©£Wii;©7.k¥ISgglW4{±. ?n?n0mm 

#£LWiI«l 5~2 0mmt^5, 
[0 0 2 3] H4 4t±fO^?H^l OramHll 0 
0 ram«T(cM?n, n ^m^allf 2 5 <DM£4ft 
lC^LT¥WC3Z.t±- 3 0fiiX±+ 3 0J8«T<Dft*T' 

«S8jLTSEtfTj^j«*n*o -3 omtiftm^Micn^ 

<&«,J:?tM?nSi:J:*IU +3 0jS^{±ffc 
»cJtLT 3 0J*CDftaf^oT±*(C|Rl'5k:^oTlS 

gft^#<a««t5Jcjig«snscii:iSra-r*v »$l 

< Hi/ V 3 V^ilSStt 2 5 ©«ii.«lfc:*fbT¥ff. fiP^ 
^S4 4(±fe v ta*c&£.£-McJ£/£2ns;i£*W3:L 

i> 0 afe, ±?iLfcSifi^giLi, L 2 , romwiRtra 

Tiglti*i6?.nSo 3-yKoii4 6i*±J5lc\tii*>ic 
«et>Ti«i*^*<a« *5te«BR«n±*^M»3 7 
<ortHffifca«-r*«fc?te«««nso mP3 7 

cOTS15tlSe4 2 i:ffi®4 4 t±!4 6ttcJ;!PH$n 

«>WB«aa5»4 7ttT^n5o «§4 4 t±g4 
6t«-<*W(c^m?n, n&3 KDT^tmmmm 
2 5 tisfi 4 2 1 rt{w«f4B 4 3 tci "5 mznrzQmic 

[0024] coi^fcwasnfc^yavJMS*©?! 

5^->y3 ygsjs 1 2 A* i±tf issr-? i±»f * 
i: , c©v"j3 2 5 m <d-> y a yasit 1 2 js 

«©asE»*«:. *> y 3 y#^ B a B if 2 5 ©ftfflBBfr & © 




(7) 
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3 6m iiso-> u 3 >ii 1 .2 ^ ^©iititc j; f) 

If I8K 4 4 #S*f-T 3 £ t IC <fc >? , ->'J3 >#^ B B B ^f 2 
<DT\ i/V =i >mmM>t$ 2 5 tfOgy^X I- l^XcDfg^^r 

coo25] m3 nmzwvm 2 <Dnm<DBmzt7j%? 0 
#8s<Djg<®T-i±, nisiBtfffi$i3 7ximmMmm4 sic 

2 OO y y^ttOfiJKtfB** 4 8 t)Wm^4 1 ©F^gU^St 
»?UT»*J e»tl-5 0 fe^aPW 4 8 «*SSagP*J 4 7 20 

ftJgP3 7CDTgP£*f.«Sii4M4 5 tjg^4 2tfHMmm 

— f*W(C^5nfcJ6fS4 4M±i4 6^rlfXX«tr 
>*WcJ:0rtffl!l«#B4 3&tffg[g|$3 7{c@S-r^ct 
fC«fc 5 4 8 imttiffl 4 1 cD^gP^tlimLTlStt 

£tt-g.o C1CD.J: ^(C^e,nfcei»SP*J4 8 0^gU 
fl58P3 7fc. e&g|5*f4 8cDF«3^ili«:if«g4 4XttF*3i 

fs^ffi 4 3 tcfnfng^nso 

[0 0 2 6] CO*-5fC^*nfc->y3>'^ B %5l± 30 

if &m<Dmmm&tt 3 6 t—? 1 8 tc«t zmxa 

-&$k%~o\& 1 3cortfflg^e.<Dli*f^fcJ; t)Ap^sn/fc 
fSg|5 3 7 57J±^!H«^g4 5©^e^gp« 4 8#|ifi£g 

4 4x«rt{B!l<*§4®4 3&CfijtLT$ftg4 4 Rtf F*3«#i 

#4g4 3<oaa^^fc±p$-i±§ 0 ias±#bfc*K 
<d itm*mm it, ->yn > jius n# 2 5 ©^ngpom 

tzmm^, l«[Xtt3^L<t±4tSrT'fe-pTfe 

tfzn%famc£*)ijQm?%cttfft$iv^ti\ 6-9 

[0027] r s ts, ±.§mM<DBMT*i±. $mm.$w<D 
ffii®3 7 zprnmcBtftLtctf. m4ic7rs?£dic^ m 

95 3 7 «T73fCfpJ-5 tC^oTIlgAVh? < fr^^cDR 

rtfSSgU«3 7 a i:, *MS®»3 7bi:, rtfBgp«3 
7 a <t^ragp« 3 7 borate ftmZtltcWimt 37 ct so 
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£*fLT<^T& <fc<,\, fSg|53 7^:T73(C(S]3fC^-pTi» 
SAVJn? < Btftf-mi, ^Olggl? 3 7 £ U n >^ig B ^ 
<f2 SO^ffi^ora^^T-r^^FStt^X^rXA-X 
fCS/'J nvH« 1 2 £Bffi8M 1 fc©IBfc:|»< CttfT' 
m5lC7FCt£?lcfa*$3 7*2Mmi&£LT%imi 
3 7 c £r?E«-f txfcf, 3 <D|*|jagfr£> i/'J 

3 >*^ B B B #2 5 fci6i3 mttmz^mcmz c t^-p* 

So 

[0 0 2 8] ±IEHSS©^T*ti, «ff4 4i:6 
B 4 2 fctf £3t*-s^tertffl«$«i 4 3 Kffi 
3 7 £Jgg 4 2 fctf £g-rS»#tett«««6Hlif 4 5 ^15 

<»i4 4 tffi^4 2i:^M-r^g|3^P , 3ffllJ«^S4 

t«:^foi«»fi4 5o*4wtTts^ 4 mmm 

14 3Stf^ffl!l«*4S4 5co^77i:fei9:ttSiii:^< > 

fs»3 7<DTmimmtf&M.-zti\HMtfi/v=i>mms'm 
m<DftfflWi&mcm-?zi&m4 2 g(**n— v«fcf s 

c: t i D , @8£/Tt<t^c, ii4 2**¥ltj* 
LT0fi^:Sx.fc8 OSi-XTOftSa T'T^CfpJ^ {cgf 

7j<¥®{c5>fLT om^MXtc 8 OSJ^TO^JS 0 T-±77 

[0 0 2 9] iSgttn— V^^:ffi-&to-&/-cfc<0 

T*^ttJ;i/\ 1 Ofc^-ri^tc, 7K¥®tC)itf 

LT0*^rffl^.fc8 0*WTOftfto-PT*k:iSl-5fc8e 

0 Tffi@*VJs$ < JgJ«Snft^jKB 4 2a O^it^fiJgl? 
3 7 0TltItU 7K¥®^LTOje^®^.fc8 0 

142 bcD7-|-»^rilcD7*(-^S4 2 a©T»te»SRLTfc 
AW '2 5^6oa«»tt, B^ttigP4 l«Mtit«4 4 

1 8Rr;v">i3>isi 2(ct^TSjg±#-r§ci:tc 
<t o to? n, y n i/Jtueinf 2 5 ©^ja»osii«P3: 

[0 0 3 0] 

<Mt&ffl 1 >® 1 RtfH 2 (CtB-T «t -5 y n ym^s 
5l±»fSBO«aBRa5« 3 6 0»g|5 3 7<DrtgSD'li? 
^^n^*fl4 1 0mmM'4 2 0mmtU fSfgP 3 7cD 
T^5fC^{|iJ{«#4S 4 5 tl&m 4 2 trt®J«#4a 4 3 

144 ^±§4 6 tfr£>mi&-$ntcBmm4 1 

fco «f4 4tt«MSJftft'0«O«ttf*f:U «¥S4 4 CD 
F*3@&tfS? ; &^n^*n2 5 0mmM4 OramtL 
/co AiHifMB 4 3 cut «Srtgx «*4ft0St>'SBiaigi 

L^in^t\3 30mm, 4 5JKS.C/4 Ommtl, ft 
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wmmm \ 5 a Rtfmmmm. l %*n^n 4 5 

IftRtM Ommi:bfco SfetiEB 4 2 <DT®£ S"J 3> 
Nttl 2t©FIK3 5mmtU 1S4 4 fc$"j3> 
*SgS#2 5i:©F^PBWi?r2 Ommi:Lfco &*5, 3 
7, 4 5, 4 2, 4 3, 4 4 Rtf 4 6 {±£T# — jJOfC 

[00 3 1] <H#£#IJ 2 >0 3 tC^-T^^fC, ^M^A" 5 
MSP 3 7Rtf^«HW«S4 5 fC^n W&BcLF^i&tf 
IKS 4 4 Rtf AMMffS 4 3 fcSflfcT 5 2O0'JV^« io 
©£»&$« 4 8 tfKtittM 1 Ort»*«»fbTa8^6n 

/Co 

1 i:|S|-{c«fi!cbfco c©5l±tfS«*rJ*80iJ 1 t L 

/Co 

[003 2] <J±8§m&tffFffi>§l»J 1 , ggffiftl 2 
RXfttMm 1 ©3-5l±tf^»&CTui@ 2 1 0mmO5"J 20 
3>flUS*W*4 0 OmmSLttffcfcSOS'y 

B^3 0mmtTO>"J 3 ><IMgill#g-g|3©£8*73 ftrS 

m$-e©>"j 3 v^i^^if cfi^©iBtfi^iRi}a*^Jia<o¥ 

'NCOEStcWt^G/G c CD^fc^&fco £©*§*& 

0 1 1 tC^fo 

[0033] 01 1 «i:»)we^aj:-5K:, mmmiRif 30 

«&jffi<og73(Ri^^i«si^-fc* fco c n«n#&M 1 
a tf *atw 2 thus v 3 vtt«*» e cosmic i. y mm 

gp 4 1 (0U8ttf±m? S c h fc«fc y , ->'J3 JM* 

a* £ ©fi*fcsw»*<*ttiai5 4 nc * 0 wj^n. ~> y 3 

fc&T'fc^o SfcfUSfctfiJ 2 #HflS0"J 1 J; 5 8fflrtfflffi« 
^JBB©g77|p]^3b^i:^-^^-pfco cfttifc— * l 
8Xff53i&Offl 3©F*9«Bfr<=>faig|5 3 7Xl±fl-fflMS <o 

4 4 x«rtffl0<>«#4@ 4 3 ©as# ±n l, ->yn y m*s 

3o 

[0 0 3 4] 

>#©&§£:. ->y 3;/l&£ B B B 1$©Wlffi^p/T£©l 3 E giS so 
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fc«t y Hsns^ttiSPciF'geptcs^w^^L/co 

>i««{cj:-3Tias±fi , rsci:K«fc»)«iS!i2n, ~>y 

c ©sss, ~> y 3 y^^^oiaa^*^^ 
jsiffi(c(pioTissi§-{c*§. w^isv ^ymm&w^HD 

[0035] gfc, JHtMi:*gia!t*i»t, ± 

«d«jBje*aftttntf . ~> y 3 z/mts&M<Dtticmm?ffi 
<m& z<Dimtfftwm®mic&'D r^m sn, y 3 

Wfmmttmv n«, y 3 ynijsxfcteis* off *^ 
i^ciim^. Mte. ->y3>m^ B B a if©nMi 

SttfiSfcCF^PS* 1 0mmt(±3 0mrattTI<:tn 

a x «s # y 3 jm» t sss-r 5ct%<->'j3 

>«BAfli A> e. ©St^^#^(cSWt- S c A'tS ^o 

off© 6 ©n*f^{c j: y *n^? nrcffi^xim 

c ©^m, ^> y 3 > gftgfr & § i±»f * © 3/ y 3 >jhisa 
y wj $ n 5 © t% s/ y 3 >mm&w*><om&ix b 

[0cB©ffl*^^] 

[0 1 ] *»HJ"J 3>m^ B 3 B§l±tf^»©»iJi(BjgP« 

*7T<tm 2 © A g|5ffi^:»fffiSo 

[0 2 ] WJ3 Vi*«A3l±t:f&H0RffiB*!j£BI. 

[03] *«wo9j©nfl»g»**-rH 1 »c»js-rs»f 

[0 4 ] Wffitf TTjfcfa^TItgtf/h* < Jgj««nfc«l 

ifiKSPW^^-rwffi^o 

[05] wf s»«*^«s nfe«a5**rr « »aiR»*r* 

^■T0 4 (C*f£5-r-5»fffi0o 

[0 6 ] nmmmmttmifz ct*< mmmmtttm 
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m 0 

im 8 ] rtffli^MRWfflij^s^ia^ * c t a < jg 
im 9 ] fiwm®mRxfH-Mvmm*mf c t a < jg= 

Gc (>"J 3 yMglfr^I? 3 O mm$TO>"; 3 

^w-^w^^mm^mum^mtow-mm) omit* 

10 ~> U n VJMS«§ i±tf »■ 

12 zsv=i>mm 

i 3 s^oiar 

1 8 t— # 

2 5 S"Jn>JiMgJM* 
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3 6 ft&Rffitf 

3 7 jtigp 

3 7a Aftffift 

3 7b ftffimtf 

3 7c $t^W 

4 1 mmm 

4 2 &s 

4 2a ftfem 
4 2b F*gjSS 

4 3 mmmm 
44 mm 

4 5 ftffllfgfts 
4 6 ±M 

4 7 mmmtt 
4 8 e^gp« 

H 

d i fnas-RpcDns 

Dz H^-SO^tOF^S 



CE2] [0 3 ] [06] 
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can 



[04] 



[0 5] 




37 ©SB a j££<7>Tgk:;**T*ttflte^<3fc£ 

43 ^IHIIKftHi H 

44 ISft Wi y<J3>¥^0 

46 _bft d J"J3>*»fl»Olft« 

47 «m»t Di WB5T»on^ 

D 2 



17] 



[08] 





37a rtffifftf 

37c mm 



[09] 



[0 1 0] 



44- 




42b^a 




[0 11] 



IB© 

s I 
nw 



1.60 



1.40- 



1.20 



1.00 




*£*fil^cDlg» (mm) 
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